With the growing popularity of mobile technologies and the increasing use of groups within organizations (with members often distributed globally, and constantly "on-the-go"), it is important to understand the collaboration contexts where mobile collaboration technologies (MCTs) 
INTRODUCTION
It is a well acknowledged fact that there is an increasing use of groups in organizations for performing key tasks (Jehn & Mannix, 2001 ). Dahlbom and Ljungberg (1998 p. 229) , for example, argue that "most work in the modern company is cooperative." They further state that "today's project and team-based organizations are designed to promote cooperation," and that such "cooperation leads to increased use of IT that bridges distance, such as email, but it also leads to mobility; people travel to meet physically." Consequently, the landscape of organizational collaboration has changed significantly over the last few years. In the mid-eighties, collaboration was traditionally viewed as a co-located activity, where connectivity between the collaborative members was provided by either face-to-face contact or through the use of simple, same-time, same-place group support systems (e.g., DeSanctis & Gallupe, 1987) . The mid-nineties witnessed the surge in virtual collaboration where connectivity was provided between members who were dispersed both geographically and (or) culturally (e.g., Jarvenpaa & Leidner, 1999) . Currently, we are in the era of "spontaneous collaboration" (Esbjrnsson & Ostergren, 2002) , which demands ad-hoc connectivity, or connectivity between members while in a state of mobility. Spontaneous collaboration may be defined as a type of collaboration where "human and/or computational participants coincide temporarily at a location and interoperate to satisfy immediate needs [or goals]" (Esbjrnsson & Ostergren, 2002 p. 1) . What it suggests is that modern day collaboration involves members that are in a constant state of mobility, who are working together under time pressure to meet dynamic and emerging goals.
While organizational collaboration has been increasing, and going through changes, the use of mobile technologies are also becoming increasingly popular in travel, education, stock trading, military, and medical emergency care (e.g., Malladi & Agrawal, 2002) . In fact, recent statistics highlight that there are about 2.7 billion mobile phone users in the world (Dai and Palvia 2009) . With mobile phones moving away from being a simple "voice communication device" to offering "voice, text,… web surfing, digital imaging, entertainment," among others (Dai and Palvia 2009, p. 44) , companies are also investing heavily in to mobile technologies to further enable their employees, and create competitive advantages. Lyytinen and Yoo (2002) argue that there is a "changing landscape of organizational computing" as well, with increasing dependency on mobile computing and computing "available anywhere, at any time" (Lyytinen & Yoo, 2002) .
Given the increase in collaboration within organizations and the developments in mobile technologies, it is believed that access to several collaboration-related features such as email, shared calendars and databases through one's mobile devices is now a necessity (Karren, 2007) .
Consequently, on the technological front, several different companies (e.g., Novell) have launched variations of their traditional collaboration tools on mobile platforms (e.g., Karren, 2007) , and we are beginning to see a Peer-to-Peer groupware that can provide ad-hoc or mobile connectivity such that workers can now collaborate even when they are "away from their desktop and laptop and still feel 'plugged in' and responsive" (Karren, 2007 p. 2 ).
While the above discussion highlights the potential of mobile technologies for supporting collaboration, others warn that "mobile technologies, especially those enabling collaboration, is "particularly expensive-the average cost per mobile employee [collaborator] is around $2,200 per year, including hardware, software, services, and support" (Johnson, 2008 p. 1) . It has also been argued that mobile technologies have other downsides such as its intrusiveness, and its push towards prompting users to engage simultaneously in multiple activities, which can often be a hindrance in collaboration (e.g., Esbjrnsson & Ostergren, 2002) . On similar lines, Guerrero, Ochoa, Pino, and Collazos (2006, p. 243) argue that "it is not obvious when a … mobile computing device is the best choice to support collaboration."
Given the expenses involved with the use of mobile technologies, many believe that organizations should not jump to the bandwagon and implement mobile collaboration tools, but should carefully examine (and assess) whether their collaborative requirements need such technologies (Johnson, 2008) . In other words, given that more traditional collaboration technologies (e.g., group support systems) have been shown to be beneficial even in distributed group work, or when members are not co-located (Jessup, Connolly, & Galegher, 1990; Nunamaker, Dennis, Valacich, Vogel, & George, 1991) , it is important to consider whether one needs mobile collaboration technologies at all. In fact, Guerrero et al. (2006) argue that it is important to identify "the most appropriate device to support collaboration in [different contexts]."
In this paper, we seek to address the above-mentioned void by attempting to provide certain guidance on the collaboration contexts in which mobile collaboration technologies are essential. We attempt to fulfill our objectives by first comparing different collaboration technologies: traditional face-to-face (FTF), different types of computer-mediated collaboration technologies (CMCTs), and mobile collaboration technologies (MCTs) on a wide variety of features, and then assessing the contexts in which MCTs would be preferred or required. Further, drawing on the collaboration TaskTechnology fit theory of technology usage (e.g., Zigurs & Buckland, 1998) The rest of the paper is organized as follows: First, we discuss the different types of collaboration technologies including mobile collaboration. Next, we describe three different collaboration scenarios and the technological features required by groups to succeed within each of these scenarios. We then compare FTF, two types of CMCTs, and MCTs on these above-mentioned features. In the next section, we discuss the collaboration environment-technology fit perspective. This is followed by a discussion of the Group Collaboration Technology Repertoire Grid and how we developed it. Finally, we conclude with a discussion of the implications of this work, limitations, and some directions for future research.
DEFINING THE DIFFERENT TYPES OF COLLABORATION TECHNOLOGIES
Collaboration may be defined as a specific interaction between two or more people for accomplishing a particular task or achieving a certain goal (McGrath, 1984) . Such an interaction requires coordination of the activities, and cooperation from each of the parties involved (Dillenbourg, 1999) . Any collaboration can use a variety of technologies to enhance its efficiency and effectiveness. The earliest and most traditional form of a collaboration technology is naturally the FTF environment, where group members meet face-to-face and discuss issues related to the collaboration and perform the task. Next was the era of CMCTs, which are computer applications that connect two or more individuals of a collaborative group (through a desktop or laptop). Zigurs and Buckland (1998 p. 319 ) argue that there are many different types of definitions of such technologies, but all past researchers argue that such technologies inherently consist of (one or all of) the "three common themes:" they provide communication support, process structuring support, and information processing support. Elements of communication support include features such as input feedback, group display, and different communication channels for supporting synchronous/asynchronous communication, among others, while process structuring support includes features such as those that maintain a record of the group interaction, agenda setting, etc.. Finally, information processing support includes elements such as information gathering and collating of information, and sometimes even more sophisticated tools such as stakeholder analysis, multi-attribute utility analysis, etc. (Zigurs & Buckland, 1998 p. 321) . It is important to note that most of the CMCTs offer either communication support or a combination of communication and process structuring support , with only a few offering the information processing support. Given the wide range of CMCTs possible, in this paper, for the sake of simplicity and appropriate comparisons, we focus on two different types of CMCTs: video/web conferencing facilities (we refer to it as vCMCT) that offers only communication support, and a GSS-type collaboration technology (e.g., Sharepoint) which does not offer video, but other forms of communication support and also process structuring support (we refer to it as nvCMCT).
As discussed earlier, we are currently entering the era of MCTs, which are technologies that place less restriction to the location of a group member than vCMCT or nvCMCT, and enables group members to be "in touch with ... collaborators… 24/7" (Churchill & Wakeford, 2002 p. 154) .
Specifically, such type of collaboration is viewed as a constant connectivity between collaborators (both in "social and technical terms") and with the collaboration content (Churchill & Wakeford, 2002 p. 154 ). Luff and Heath (1998 p. 305 ) view such collaboration as not only anytime "access to distributed colleagues," but also the ability of collaborators to "move through, or reconfigure a shared spatial environment" on demand.
Our definition of MCTs includes mobile smartphones or PDA's, which have both: 1) cellular connectivity (e.g., with 3G capabilities), and 2) some collaboration suite software application operating on it. For example, a PDA or smartphone with the software Novell GroupWise installed on it would be considered as a MCT. We would like to note that there are many different kinds of devices that may include or be classified as MCTs. This paper's scope is to investigate the implication of MCTs as a whole, not concentrate on any specific device that uses such a technology.
We summarize the definitions of these technologies in Table 1. [Insert Table 1 about here]
COLLABORATION SCENARIOS
In this section, we describe three collaboration scenarios taken from real-life experiences of the authors. The three scenarios describe different kinds of environments and highlight the specific kinds of collaboration technology features required in each of them. Such scenarios, embedded in an academic context, have been used in prior research to demonstrate the feasibility or usefulness of mobile devices ( e.g., Guerrero et al., 2006) .
Collaboration Scenario 1: Using Email Technology
Three individual researchers (Jim, Cheng, and Katie) are collaborating to submit a proposal for a National Science Foundation (NSF) grant. They have been collaborating on various researchrelated projects for a while, and thus know each other fairly well. They work in different colleges of the same university, and have been assigned to this group as part of a university initiative to increase collaboration across disciplines. There is no fixed deadline for the proposal, and they have been urged to work collaboratively, seek out appropriate grant opportunities, and submit a proposal within 9-12 months. All three have access to personal desktop computers which have word processing, internet connection, and other standard applications. However, they do not have access to any collaboration software (such as one that offers a shared space for discussion posts, chat, file sharing, etc.).
The internet connectivity will enable them to share documents via email, but a lack of a "shared space" may not enable them to work on the document in parallel, thereby leading to process losses. Also, given that document sharing will happen only through email, they may need to spend additional time managing the different versions of the proposal. To accelerate their task performance, they plan to hold a series of face-to-face meetings. These face-to-face meetings will enable them to provide immediate feedback to each other and gain consensus as a group on the direction of the project. They would also be able to record the minutes of each of the meetings in order to follow-up on the issues uncovered during those meetings at a later time. However, since none of them know shorthand, these minutes will be summaries of the meeting and not "exact" capture of the communication. If Jim, Katie, or Cheng happens to miss a meeting (owing to travel), 1) the meeting will have to be postponed, or 2) they will have to catch-up by reading the summary document, or 3) be debriefed on it at a subsequent meeting, leading to loss of time during those sessions.
Collaboration Scenario 2a and 2b: Using Collaboration Technologies
In this section, we provide variations of the first scenario, with the only difference being that the group now has access to either a vCMCT or a nvCMCT.
In scenario 2a, the collaborative group has access to video conferencing facilities (that is, vCMCT). While the group may still continue with some face-to-face meetings, the availability of the vCMCT will enable them to collaborate with each other sitting in their own offices or home, and can easily eliminate the need to meet in a common physical space. Apart from the elimination of the need to meet face-to-face, this scenario still suffers from many of the limitations identified in scenario 1. Scenario 2b, is again similar to scenario 1 and 2a, but now the collaborative group have access to a shared web space (e.g., by Microsoft Sharepoint) specifically dedicated to facilitate the collaboration process and the subsequent creation of the grant proposal. The shared web space will eliminate the necessity to meet face-to-face or engage in synchronous communication. The web space will still allow for quick feedback between the researchers, and in addition, will also enable more organized asynchronous communication. Thus, if a member misses a meeting, he/she can simply log onto the shared space and access the meeting minutes or summaries, instead of physically traveling to another member's office, or waiting for another member to email the document. They will also be able to save the work and discussions they have on the web space (whether asynchronous as in a discussion board or synchronous as in a "chat" session) in order to refer to them at a later time. These researchers will also be able to send their messages in a variety of ways (e.g., instant messaging, posting documents to the web, email, or other such applications). Further, the shared space will also allow two members to express their ideas at the same time (difficult in face-to-face meetings).
Another key feature of this shared space and electronic communication is that the researchers will be able to edit their messages carefully before sending them. This is not always possible in face-to-face meetings.
Collaboration Scenario 3: Using Mobile Collaboration Technology
In the third scenario, let us imagine that the deadline for the grant is in one month (and not 9-12 months as in the other scenarios), and the group of three researchers has just been brought together for this particular project (i.e., they do not have a history of working together). During this time, most of the members will spend a great deal of time outside their office. Jim has just bought a house (which is two hours away from the university). Owing to the distance, he now plans on coming to the office only on the days when he is teaching. He has also taken up some consulting assignments and wishes to work on the proposal development on his commute to and from work or from his consulting locations (he uses the subway for most of his commute). Katie on the other hand has been invited for some guest lectures in universities located in Europe. She will be traveling from one location to another, and is hoping to work on the proposal while waiting at airports or sometimes while traveling on the plane. Therefore in this scenario, the researchers will not be able to meet face-to-face at all.
However, due to the MCTs available to them (e.g., PDA's enabled with a collaboration software for wireless devices such as GroupWise), they will still be able to collaborate even when they are away and on their way (to work or to another university), and meet the one-month deadline. Also, each member of the group will be able to get hold of any of the other members as they are always available through their mobile devices (e.g., PDA's and cell phones).
The above scenario highlights some of the key features of MCTs which enable this group to collaborate, when they are not only distributed, but when the majority of the members are in fact experiencing high degree of mobility, and yet, when there is a need to interact frequently to accomplish their task.
DISCUSSION OF THE THREE SCENARIOS
Each of the above scenarios has different situational aspects that require the researchers to find different techniques to collaborate efficiently and effectively. However, it is also known that in collaboration contexts, apart from the situational and group contexts, what is also critical is the nature of the task being performed by the group (DeSanctis & Gallupe, 1987) . The task often dictates or shapes how the collaboration process unfolds, and what types of technologies or support is required to facilitate it. In all of the scenarios, the researchers are working on what may be referred to as "fuzzy tasks" (Zigurs & Buckland, 1998; Campbell, 1988) . Fuzzy tasks are those that have several dimensions of complexity embedded in it. Zigurs and Buckland (1998) drawing on Campbell (1988) argue for four dimensions of complexity: outcome multiplicity (more than one possible or desired outcome of a task), solution scheme multiplicity (there are multiple ways in which the task can be accomplished), conflicting interdependence (adoption of one solution may conflict with another), and solution scheme/outcome uncertainty (uncertainty about the outcome). Fuzzy tasks, drawing on these dimensions can be argued to be a complex task with outcome multiplicity, solution scheme multiplicity, a possible conflicting interdependence, and low/high outcome uncertainty. Zigurs and Buckland (1998) argue that collaborative units performing such kinds of tasks require not only require communication support, but also process structuring support in order for them to function efficiently.
Based on the above, we now revisit the different scenarios in terms of the collaboration technology features required. Scenarios 1, and 2a and b highlight that collaborative work-groups require several different features (be it electronic or non-electronic) to facilitate their collaboration, and ensure that work is completed on time. They are:
• The ability to record the issues being discussed by the group for later retrieval (i.e., group memory, and reprocessability). Group memory is an important feature required by any collaborative group, and refers to the ability to record the issues and minutes of a group discussion such that it is available for future review by the group (e.g., Connolly, Jessup, & Valacich, 1990; Dennis & Gallupe, 1993; Satzinger, Garfield, & Nagasundaram, 1999) . Group memory enables group members to decouple and then return to the record as to not "miss out" on the group process.
Lack of a group memory has been found to negatively affect group decision-making and task performance (Alavi, 1991) . Reprocessability is a key requirement of group work since it enables group members to "reread and reconsider" prior messages and communication. It is particularly useful in processing "new, complex, or large volumes of information," such as those dealt with by organizational groups (Dennis, Fuller, & Valacich, 2008 p. 27 ).
• Ability to provide feedback to each other's comments efficiently (i.e., immediacy of feedback). Immediacy of feedback has been viewed as the extent to which a "medium enables message recipients to give rapid feedback on the information they receive" (Kankanhalli, Tan, & Wei, 2006 -2007 . As each member involved in a collaboration, typically has different viewpoints about a certain issue, feedback needs to be provided to each member, such that the group can move towards a consensus on the issue at hand (Daft & Lengel, 1986; Daft, Lengel, & Trevino, 1987; Dennis & Kinney, 1998 ).
• Ability to share large volumes of information related to the task at hand using a variety of different symbols (i.e., information sharing ability or "conveyance," and symbol variety).
Organizational groups that typically work with complex material, often require the use of a variety of different types of symbols to convey an issue. Symbol variety is the number of ways in which information can be communicated. For example, a written word and a picture are two different forms of symbols. Conveyance ability, on the other hand, enables group members to engage "in substantial information transmission activities," such that any relevant and new information related to the task at hand is shared amongst all stakeholders efficiently (Dennis et al., 2008 p. 12 ).
• Ability to work in parallel to perform their task (i.e., parallelism). With parallelism, group members can make "simultaneous input" (Kankanhalli et al., 2006 (Kankanhalli et al., -2007 , concurrently work on the task, initiate "multidirectional communication," and engage in "multi-party transmissions," thereby enabling the group to accomplish its task more efficiently (Dennis et al., 2008 p. 22) . Parallelism is extremely critical for groups that work under time pressure.
• Ability to process the information amongst the group members, engage in shared sensemaking, and consequently, develop a shared understanding or reach "convergence."
Such an activity involves the efficient "discussion of pre-processed information about each individual [group member's] interpretation of a situation" (Dennis et al., 2008) . The objective of this group process is to reach a mutually agreeable consensus, and develop a shared understanding regarding the task or the problem at hand (Urquhart, 1997) .
• Ability to collaborate even when there is no physical co-location (i.e., work in a dispersed environment)
• Ability to communicate asynchronously in an organized manner, thereby speeding up the collaboration and task performance.
• Ability to fine-tune messages before sending (i.e., rehearsability). Dennis et al. (2008 p. 25-26) argue that rehearsability is an important requirement, especially in a collaborative environment, since it enables the sender to "carefully craft a message before transmission to ensure that the intended meaning is expressed precisely, thus ensuring a recipient's subsequent decoding," and hence more efficient information processing and shared understanding development within the group. Further, rehearsability also enables group members to minimize miscommunication due to unintended cues sent through their messages.
The extent to which these requirements are enabled/fulfilled by the different types of media (e.g., face-to-face, vCMCT or nvCMCT) may vary from one type to another (e.g., Barkhi, 2005) . Below, we discuss the capabilities of FTF, vCMCT, nvCMCT, and MCTs in supporting each of the collaboration requirements discussed above.
FTF, vCMCT, nvCMCT, and MCTs provide group the ability to develop a group memory. In FTF and vCMCT environments, group memory may take the form of written or word documents consisting of meeting minutes. However, unless a shorthand typist is present during the meeting, written down meeting minutes can often lose the "original wording and meaning of the input (Alavi, 1991) . In CMC and MCT environments, group memory refers to the "electronic capture of the group's work," and a record of "all remarks" that have been made during the group's task performance (Satzinger et al., 1999 p. 148) . It often takes the form of threaded discussions on an online discussion post. Such an electronic capture enables the group to create a "permanent record" without significant "investment of time and effort" (Alavi, 1991) .
It is a widely acknowledged fact that FTF environments where members are co-located, and vCMCT where members are not co-located but co-present, provide the most immediate feedback (e.g., Dennis et al. 2008 ). However, nvCMCTs or MCTs can also enable members to comment on other members' work through discussion posts, or email. While discussion posts and email may not be the source of the most immediate feedback (Kankanhalli et al., 2006 (Kankanhalli et al., -2007 , synchronous messaging (e.g., IM) which are increasingly being used by the mobile and knowledge workers and by members of distributed teams, can provide high degrees of immediate feedback.
While FTF and vCMCT media allows for the use of mostly verbal symbols, conventional CMC technologies and MCTs offer higher levels of symbol variety (e.g., streaming video and graphs, in addition to text). Dennis et al. (2008, p. 29) argue that several group collaboration technologies enable "voice, … and shared applications." Similarly, mobile devices such as RIM's BlackBerry smartphones also allow voice communication (telephone) in addition to email, and text.
One of the key limitations of FTF and vCMCT environments is that it encourages "production blocking" . In other words, each group member would have to "take their turn" to speak during the collaboration-related meetings, resulting in a detriment to the accomplishment of group tasks. nvCMCT and MCTs on the other hand, with their discussion threads, would allow members to work in parallel, and engage in "multi-party transmission," and "multidirectional communication" (Dennis et al., 2008) . For example, in an electronic environment, members in a group (similar to the scenario discussed earlier), can initiate three different discussions pertaining to the problem at hand, which might facilitate the coverage of a wide range of issues within a shorter duration (e.g., Dennis et al., 2008) .
In FTF and vCMCT environments, most of the messages would be conveyed verbally, and therefore, chance to contemplate or change a message prior to it being sent is very low. On the other hand, nvCMCT and MCTs enable the sender to rehearse and perfect the message prior to sending it, thereby supporting the rehearsability requirement of group work (e.g., Nunamaker et al., 1991) . In today's globalized economy, group members are often located in distributed settings (e.g., Jarvenpaa & Leidner, 1999; Kankanhalli et al., 2006 Kankanhalli et al., -2007 . A FTF meeting by definition means that all parties involved must be present at the same place and time (i.e., enables synchronous communication in a collocated environment only), and thus will be difficult (or often impossible to conduct) when team-members are distributed. Use of a vCMCT can eliminate this issue related to colocation of the group members, and can facilitate collaboration even when members are distributed.
However, due to the synchronicity of vCMCT, it would mean that members will still have to meet at the same time, if not the same place. This can be problematic (and inefficient) due to time differences, and different physical and body clocks of the group members (e.g., Sarker and Sahay 2005) . On the other hand, nvCMCTs and MCTs enable asynchronous communication, and offer group members the luxury of sending and receiving messages at anytime (even when members are dispersed in time and space).
While FTF environments and vCMCTs can allow the sharing of information, owing to its lack of parallelism, the velocity at which this information is shared, and the ultimate conveyance will be at a rate slower than both nvCMCTs and MCTs . On the other hand, the immediacy of feedback offered in an F2F or vCMCT environment will allow for a more efficient development of a shared frame of reference (or convergence) than nvCMCT or MCT environments.
The above discussion highlights some of the key technological features required by groups, and have emphasized (drawing on prior research) the specific features offered by F2F media, vCMCT, nvCMCT, and MCTs. The discussion establishes that FTF environments offer the most limited set of features, followed by vCMCTs. Both of these technologies can be argued to provide only communication support, while nvCMCT and MCTs provide communication and process support. While FTF does support some of the collaboration requirements, in today's fast-paced and distributed age, where most organizational groups are involved in performing fuzzy tasks, FTF environments may not be the ideal form of collaborative media use for a task-focused group (such as the one of Katie, Jim, and Cheng). We summarize this discussion on the comparison of FTF, the two types of CMCTs, and MCT in Table 2 (Part I).
[Insert Table 2 about here]
Unique Features of Mobile Collaboration Technologies (MCTs)
In scenario 3 (see Table 1 ), we had highlighted a situation where the group collaborates under tremendous time pressure, with members experiencing high degrees of mobility, and having little (or no) prior experience of working together. Below, we discuss some of the key features of MCTs that are beneficial to a group performing a task under such time duress as mentioned above. We specifically draw on the characteristics of mobile technologies discussed in past literature (e.g., Junglas & Watson, 2003a; 2003b) in discussing these features. We would also like to note that we review only those features that play a role in collaboration. Other unique features of mobile technologies such as localization or location awareness (i.e., "capability of a device to obtain data about geographical position and then to use the data to retrieve, select, and report information with respect to that position" (Wyse, 2006 p. 41-42) which have been seen as important in m-commerce is not taken into consideration here.
One of the key features of MCTs is its portability which refers to the physical characteristic of mobile devices that enable users to readily carry them (Junglas & Watson, 2003a , 2003b .
Portability reflects the propensity of mobile devices to strive for "miniaturization while maximizing their capabilities" (Junglas & Watson, 2003a p. 669) . The portability of MCTs enables users to collaborate with other members even when in a state of mobility (e.g., while transiting through an airport). On the other hand, F2F environments or conventional CMC technologies are limited to specific geographical locations. Members will be unable to collaborate when they are distributed from one another, or when travelling from one place to another.
Reachability refers to that feature of a technology which enables an individual to be in touch and reached by other people at any time (Junglas & Watson, 2003a , 2003b . For example, when an executive is traveling with a client he is able to be reached by his/her coworkers. Such a feature can be extremely useful for a group, especially when they are working on a tight deadline, and needs to have access to other members as and when necessary. When using strictly F2F collaboration environments, such as reachability is virtually impossible. Even with vCMCT or nvCMCT technologies, the group members would have to go through extra effort to "check-in" with other group members only from certain access points (e.g., a satellite office which has collaborative software, or maybe an internet cafe).
While reachability focuses on the ability of individuals to access other individuals (e.g., group members reaching other members who are temporarily away), accessibility refers to the extent to which a person can gain access to the technology and necessary information at a given time and geographical location (Junglas & Watson, 2003a) ). Conventional CMCTs (not enabled through a wireless hardware) are only available in certain geographical locations, and this may not coincide with the locations of those who need to use the technologies. MCTs enable users to overcome such a limitation.
A feature related to the portability of MCTs is its ability to enable users to work in crowded areas (e.g., an airport) and in public spaces (Guerrero et al., 2006) . Such a feature helps users to "fill in dead spots" within their busy work day (Guerrero et al., 2006; Sarker & Wells, 2003) , and make efficient use of time. Such efficiency is especially useful when users (e.g., collaborative group members) are working on tight deadlines. Again, FTF environments or traditional CMC would require users to be at a specific location to collaborate with their members, and will not be useful in filling their spots, whenever they are available.
Beside the technological features discussed above, some technology adoption studies have also highlighted the hedonic capabilities of mobile technologies (e.g., Dai and Palvia 2009; Dickinger, Arami, & Meyer, 2006; Wakefiled & Whitten, 2006) . Specifically, prior research suggests that enjoyment is an important characteristic of mobile technologies, and hence a key antecedent for the adoption and use of a mobile technology. During a collaboration effort with a tight deadline, the group might have to work intensively during a short period of time. If the members enjoy the mobile technology they have to use to accomplish their tasks, their perception towards the heavy workload could be influenced in a positive way. Childers, Carr, Peck, and Carson (2001, p. 517) allude to this issue, and argue that when individuals are under time pressure, the hedonic characteristics of the technology, such as the enjoyment aspect is important since it helps to relieve the stress and frustrations, and therefore reduce "psychological costs."
We summarize these additional benefits of MCTs over FTF environments and CMCT environments in Table 2 (Part II).
While the unique features of mobile collaboration technologies (discussed above) emphasize its strengths over CMCTs, it is important to note that MCTs also suffer from certain limitations (e.g., Guerrero et al., 2006; Johanning, 2004) , such as limited energy supply (m-technologies are not able to create energy, and therefore their supply of power is limited), limited functionality (e.g., low memory capacity, small displays), low data transfer rates (the rates of dataflow are still lower than broadband), issues-related to incompatibility in different geographical locations, and delayed input mechanism (due to small size of the input device or the lack of a regular keyboard). Further, MCTs are also affected by the immediate environment of the user. For example, if a MCT user drives/travels through a tunnel, the reception may be affected. Other factors such as noise and interference may also limit the effectiveness of the technology (Guerrero et al., 2006) .
To summarize, MCTs while offering some unique features, also have a wide range of limitations. Thus, its universal benefit may be questioned. Further, as discussed earlier, mobile collaboration experts often warn potential users about the high costs associated with MCTs, and suggest that it is important to analyze the organizational or collaboration contexts carefully before deciding on the benefits of using MCTs (Johnson, 2008) . Below, we attempt to offer certain guidelines on this issue.
USE OF MCTS
Researchers on technology usage has proposed and empirically confirmed that effective, efficient, and optimal usage of a technology is contingent upon a requisite fit between the characteristics of the task being performed by the user of that technology, and the features of that technology (Goodhue, 1998) . In the collaboration context, Zigurs and Buckland (1998) argue that choice/optimal use of a collaboration technology depends on the appropriate fit between the task being performed by the group and the technology being required by the group. More recent research on technology adoption by groups seem to suggest that choice/use of an optimal technology is shaped by a fit of the group's context/environment and the technology features (e.g., Sarker, Valacich, and Sarker, 2005) . Consequently, in our context, we argue that optimal, cost-effective, and efficient usage of a collaborative technology would depend on the fit between the requirements of the collaboration (i.e., the collaborative environment), and the features offered by the collaborative technology (i.e., the collaboration technology environment).
Past research has suggested that collaboration can be of different types, and have used several dimensions to categorize or differentiate them (e.g., DeSanctis & Gallupe, 1987; McGrath, 1984) . In his seminal work, McGrath (1984) argues that one such dimension is the temporal scope of the collaboration. Temporal scope refers to the length of time during which the group will be in existence. Some groups such as a committee may continue to exist for a year or more and can be considered to have high temporal scope, while other types of groups such as project teams may be in operation only for a short duration and thus have low temporal scope. Those groups that exist for a limited duration suffer from tremendous amount of time pressure (Saunders, 2000) , are more taskfocused, experience dynamic goals, and constantly need to juggle a wide variety of issues at the same time (Guerrero et al., 2006) .
Research in the area of CMCTs has also categorized collaborative environments based on whether their members are in co-located or distributed settings (DeSanctis & Gallupe, 1987) . Groups where members are co-located may be able to exclusively collaborate using FTF media, while those groups whose members are distributed will have to collaborate using a CMC technology. Another concept related to the notion of co-location/distribution of group members, is the issue of "mobility."
Given the fast-paced nature of life in the 21 st century, mobility of members (and not just colocation/distribution) is an important dimension to consider while categorizing collaboration. For example, Guerrero et al. (2006) suggest that use of a particular technology in a collaboration should partly depend on the "mobility level to be supported." Similarly, Yoong and Cleland (2002) have also viewed mobility of the user as an important dimension for deciding on mobile technology adoption. Kakihara and Sorensen (2004) p. 184) argue that in the past, mobility has typically been viewed as the "geographical meaning of movement or distance from a certain point." Specifically, they suggest that mobility has been seen as the "remoteness from a specific location." They argue that the above view of mobility is too restrictive, and ignores the "dynamism of the work as well." To fill this void, they propose three dimensions of mobility: locational mobility, interactional mobility, and operational mobility.
Locational mobility refers to the extent of "geographical movement" of the stakeholders involved (i.e., in the context of this study, it refers to the mobility of the group members).
Researchers have proposed different sub-components of locational mobility. Some have argued that it is composed of three sub-components (or types) of mobility: traveling, wandering, and visiting (Kristoffersen & Ljungberg, 2000; Sarker & Wells, 2003) . While "wandering" refers to "local mobility in a building or local area," "traveling" and "visiting" signify more extensive mobility where members may be going from one place to another such as commuting or in an airplane (as in "traveling"), or going to another location and staying there for a duration of time, such as attending a conference or workshop (as in "visiting"). Similarly, Churchill and Wakeford (2002) propose four different types of locational mobility, categorizing mobile users as road warriors, globetrotters, corporate wanderers, and corridor cruisers. Corporate wanderers and cruisers typically "wander"
within the confines of their office building or other offices within their own organization, and in general experience low degrees of locational mobility. On the other hand, globetrotters and road warriors travel extensively, and are seldom in a central office (similar to "visiting" or "traveling"). As the collaboration scenarios discussed earlier highlight, such instances of mobility abound in real life.
For example, Jim in scenario 3 was commuting for a couple of hours or "traveling," and can be viewed as a "road warrior;" similarly, Katie was away giving guest lectures in foreign universities, and was thus "visiting" and resembling a globetrotter during the temporal scope of the collaboration.
To summarize, group contexts where a majority of members are globetrotters and road warriors and engage in extensive "visiting" and "travelling" can be considered to have high locational mobility. On the other hand, contexts where group members are typically corporate wanderers and cruisers and engage in occasional "wandering" and "visiting" for short durations can be considered to have low locational mobility.
Interactional mobility, on the other hand, refers to the extent of "intensive" and "fluid" interaction required between the stakeholders (Kakihara and Sorensen 20004, p. 184) . Others view this mobility as the number of interactions to be managed and supported in a given point of time (Guerrero et al., 2006) . As Kakihara and Sorensen (2004) argue, different situations have different degrees of interactional mobility. For example, a freelance web designer may display lower levels of interactional mobility, while a process consultant typically exhibits high degrees of it. The collaboration scenario 3 describes an environment involving high interactional mobility. Since the deadline was in a month, and the members had not had a history of working together, they would require additional interactions to build a working relationship and accomplish the task successfully.
To summarize, an interaction requirement of at least 2-3 times daily can be considered to involve high interactional mobility, while a context requiring perhaps a weekly interaction or less, can be considered to have low interactional mobility.
Finally, operational mobility refers to an individual's "capability for flexible operation as an independent unit" (Kakihara and Sorensen, 2004, p. 184) . It has been argued that of the three types of mobility, in a collaboration context, locational and interactional mobility are the most relevant (Kakihara and Sorensen 2004) . This is especially the case since operational mobility focuses on the individual independent of his/her relation to (or impacts on) others in a network. The importance of locational and interactional mobility in a collaboration context has also been echoed by other researchers such as Guerrero et al. (2006) , who have suggested that within a collaboration, one should consider the user's mobility, and the interactional mobility.
Drawing on the discussion above, we argue that the usage of an appropriate collaboration technology would depend on a fit between the 1) collaboration environment as reflected by its temporal scope (high or low), extent of locational mobility of the group members (high or low), and the extent of interactional mobility required by the group (high or low), and 2) the types of features offered by the three types of collaborative technology environment (as reflected in their ability to provide a group memory, rehearsability, reprocessability, portability, reachability, among others). We summarize this perspective in Figure 1 . Further, we summarize the concepts of temporal scope, locational mobility, and interactional mobility in Table 3 .
[Insert Figure 1 and Table 3 about here]
Further, drawing on this notion of fit, we develop the Group Collaboration Technology
Repertoire Grid (GCTRG), where we attempt to map the type(s) of collaboration technologies (i.e., FTF, vCMCT, nvCMCT, and MCTs) that would be beneficial (or even necessary) for each of the types of collaboration (see Table 4 ). Through this process, we hope to highlight the specific types of collaboration contexts that would need MCTs. In developing the grid, we also draw inspiration from the work of Watson-Manheim and Belanger (2007), who had argued that in any organizational context, "there is a multiplicity of communication media available to employees," and it is thus important to understand the "repertoire of media" (as opposed to single medium) that employees use in different contexts. Consequently, we believe that in the context of collaboration, several different options may be available to organizations, and our goal is to propose the repertoire of collaboration technologies that is the most efficient (both with respect to cost, and process management). Thus, in several instances we have recommend the use of multiple collaboration technologies. We now discuss the Grid in further details below.
[Insert Table 4 about here]
As Table 4 highlights, when a group's members have low locational mobility, low interactional mobility, and high temporal scope, FTF with occasional vCMCT should be sufficient.
On the other hand, if in such contexts, the interactional mobility requirement of the members is high, then the degree of vCMCT use should be increased. In the case of groups with low locational mobility of its members, but low temporal scope and low interactional mobility, FTF, vCMCT, and nvCMCT should be used in combination, while in situations similar to the above but with high interactional mobility requirement, the group's collaboration repertoire should primarily include of nvCMCT, with some support from vCMCT and FTF.
Once the locational mobility of the group members is high, the repertoire should always include MCTs, with groups having high temporal scope and low interactional mobility using some MCTs, and those having either high interactional mobility/high temporal scope or low temporal scope/low interactional mobility using primarily MCTs. Finally, for groups with high locational mobility, high interactional mobility, and low temporal scope, the repertoire should consist of a single technology, that is MCTs only. We discuss each one of these repertoires in further details below. For better readability, we summarize our recommendations for each cell in the form of propositions.
Cell A of Table 2 refers to collaboration environments characterized by a high temporal scope, low interactional mobility, and with members having a low degree of locational mobility; members of such groups will in general be co-located with occasional "wandering" within the local area. In order to accomplish its task, a FTF communication environment will be sufficient for such collaboration. FTF communication will enable members to provide quick feedback to each other and move towards a group-level consensus. The high temporal scope of such groups suggests that members have been collaborating for a certain amount of time, and therefore have a good working relationship. Thus, no additional time would need to be spent on "getting to know each other" or other group well-being related activities (McGrath 1991) . When members may be "wandering" or "visiting" other locations (and are thus distributed), given the low interactional mobility required, there is a low chance of any critical issues emerging that would need to be resolved right away. In other words, collaboration need not necessarily have to take place while the members are away from their meeting location. This situation is similar to the one described in the first scenario, where, given that members already knew each other quite well, the project did not require too many interactions between the researchers. However, if in some contexts there is a need to resolve issues while one or more members are in a state of mobility, then some use of vCMCT can help resolve it. Thus, we argue:
P1: Collaboration involving high temporal scope, low locational mobility, and low interactional mobility would be effective with the use of FTF communication with occasional support from vCMCT.
On the other hand, collaboration contexts categorized in Cell B would definitely benefit from the use of vCMCT in addition to the FTF meetings. A vCMCT would enable them to collaborate even during their limited wandering, and thus address their high interaction requirements better. If the context described in scenario 2 also involved a complex project requiring intense interactions amongst the members, then it would reflect the situation described above. In such contexts, the most efficient way to share work and catch up with each other, and what is being accomplished would be through the use of vCMCT.
P2: Collaboration involving high temporal scope, low locational mobility, and high interactional mobility would be effective with the combined use of FTF communication and vCMCTs.
Cell C refers to groups that have low temporal scope, low interactional mobility, and low locational mobility; again, vCMCT, nvCMCT with some FTF interaction should be in the repertoire for such groups. While the low locational mobility of group members suggests that it is possible for the group to engage in face-to-face meetings, the low temporal scope of such a collaboration suggests that they are under time pressure. nvCMCTs through its chat features and discussion posts (and therefore, multiple parallel channels) can enable asynchronous communication, and provide an additional platform for task accomplishment . Further, vCMCTs will help them to interact while one or more group members are in a state of mobility. Alternate channels for relationship development (such as those using nvCMCTs) will also enable the groups to focus solely on task performance during the FTF or vCMCT meetings. This situation could correspond to a variation of scenario 1, especially one where there is a shorter deadline.
P3: Collaboration involving low temporal scope, low locational mobility, and low interactional mobility would be effective with the combined use of vCMCT, nvCMCT, and FTF communication. Cell D on the other hand reflects groups that have low locational mobility, low temporality, and high interactional mobility; if in scenario 2, the researchers has no history of working together, and were gathered temporally to work on a complicated proposal, it would reflect such a situation.
Such collaborative contexts would definitely benefit from CMCTs. While low mobility suggests that groups in this cell can hold F2F meetings, such meetings can suffer from "production blocking" . For a group that has a low temporality (and requires high levels of interaction with other members for task accomplishment), production blocking can seriously hinder the success of the collaboration. Parallelism of the nvCMCT environment will enable groups to overcome "production blocking," and thus accomplish their task/goal on time.
Further, the high interactional mobility of the groups suggest that they perhaps have not had a prior history of working together, and thus, the group well-being and member-support related functions will need to be performed simultaneously with the production function of the group (McGrath, 1991) .
Thus, use of vCMCT, especially during those occasions when members may be in a state of mobility can be highly beneficial. This case could be seen in scenario 2 if the researchers are gathered temporarily to achieve a rather complicated project proposal, which involves numerous interactions.
P4: Collaboration involving low temporal scope, low locational mobility, and high interactional mobility would be effective with the primary use of nvCMCTs, followed by vCMCTs, and some FTFcommunication support.
Cell E of Table 2 refers to those types of collaboration that have a high temporal scope, low interactional mobility, and high locational mobility (e.g., high volume of "traveling," visiting other locations for extended periods of time such as the members in scenario 3). Such groups at a minimum would need a nvCMCT to collaborate, but would also benefit from the use of MCTs. Asynchronicity, symbol variety, and reprocessability of the nvCMCT environment will enable members to collaborate even when they are distributed (e.g., stationed in another location during one of their "visits").
Further, portability and accessibility of MCTs will enable members to collaborate when they are "traveling" (e.g., commuting to work or on an airplane during their "visits").
P5: Collaboration involving high temporal scope, high locational mobility, and low interactional mobility would be effective with the primary use of nvCMCTs with some MCT support.
Cell F would also require a similar configuration of collaboration technologies as Cell E.
However, the increased interactional mobility requirements of such groups suggest that they would primarily benefit from MCTs (which would enable them to interact with other members anytime/anywhere, and build social relationships even during "dead spots"), with some support from vCMCT (to help them bond better), and nvCMCT to help them accomplish their tasks. In other words, in such cases, given the high temporal scope, the use of MCTs and vCMCTs can be primarily for relationship building while, the use of nvCMCTs is for task accomplishment. This cell is similar to scenario 3 in terms of the high degree of interactions required though groups in this cell have a longer temporal scope in which to accomplish their tasks.
P6: Collaboration involving high temporal scope, high locational mobility, and high interactional mobility would be effective with the primary use of MCTs followed by vCMCT, and some nvCMCT support.
Cell G of Finally, for collaboration environments categorized in Cell H, the use of MCTs is imperative.
This cell is similar to scenario 3. The intense interactional mobility required by this environment, coupled with high locationally mobile members, and overall low temporal scope, would not allow members the flexibility to access and use either vCMCT or nvCMCT on. Members will need to collaborate/interact with colleagues even when they are "traveling" or in the process of "visiting" other locations. The portability and accessibility offered by MCTs, and its ability to enable users to use to "fill their dead spots" will enable members to collaborate while "on-the-go". Similarly, owing to the high level of reachability offered by MCTs, collaborative members will be able to contact the "visiting" members should an immediate clarification related to the task at hand be required. Finally, it must be noted that members in such groups typically work under tremendous stress (owing to their mobility, and the temporal scope of the project). The hedonic capability of MCTs is likely to enable the members to enjoy their interactions with other members, and therefore emerge more satisfied with the collaborative process (Dai and Palvia, 2009; Childers et al., 2001) .
P8: Collaboration involving low temporal scope, high locational mobility, and high interactional mobility would be effective with the use of MCTs only.
Collaboration environments in cell H (as our third collaboration scenario highlights) abound in today's truly global world. We believe that MCTs will not only be beneficial, but actually essential in such environments. It has been observed that in situations such as crisis management, MCT could even save lives. In fact, it has been observed that in crises situations (e.g., Hurricane Katrina) which reflects a situation quite similar to the one described in scenario 3, collaboration using MCTs have been argued to have saved lives (e.g., Junglas & Ives, 2007) .
CONTRIBUTIONS AND CONCLUSION
In this paper, we have attempted to answer the critical question, "what types of collaboration technology repertoires are best suited to different collaboration contexts," and in the process have attempted to understand the contexts where the use of MCTs are essential. Through the use of collaboration scenarios developed based on real-life experiences, we have attempted to highlight that mobile collaboration technologies offers all of the features available in FTF and two types of CMCTs, and more. Specifically, we have also highlighted some of the unique features of mobile technologies (e.g., portability, accessibility, reachability, etc.) that make them extremely beneficial (or even necessary) in certain types of collaboration environments. Specifically, the manuscript makes the following contribution:
1. It provides a definition for mobile collaboration technologies (MCTs).
2. It highlights (through collaboration scenarios) the various technology features required by groups in order to succeed in their collaborative ventures, and compares the features offered by FTF, vCMCTs, nvCMCTs, and MCTs.
3. It highlights the unique additional features of MCTs. At the same time, it also presents to readers some of the inherent limitations of MCTs, thereby cautioning users about the lack of a universal benefit of MCTs.
4. Drawing on the group task-technology fit theory, the manuscript provides a fit perspective for optimal collaboration technology usage. Specifically, we argue that for optimal use of a collaborative technology there needs to be a requisite fit between the collaborative environment (as reflected by its temporal scope, extent of locational mobility of the members, and extent of interactional mobility required), and the features offered by the collaborative technology.
5. Using the fit perspective and the communication repertoire perspective as a foundation, the manuscript also proposes a 3X2 dimensional grid, termed as the Group Collaboration Technology
Repertoire Grid, which maps the specific types of collaboration technologies preferred/required by the different types of collaboration environments. Through this process, it highlights the collaboration environments/scenarios which would not only benefit (but actually need) MCTs to succeed. We believe that this typology is an important contribution since it will help managers or group leaders to map their collaboration environment into a specific category and more easily decide on the particular collaboration technology that would be most beneficial for them. In light of the high costs associated with the acquisition and implementation of MCTs, such a grid will enable managers to carefully assess their requirements, and make a more informed decision regarding their need for MCTs, instead of falling prey to the bandwagon effect.
6. Finally, the propositions developed as part of the discussion of the grid provides a first step for researchers interested in empirically validating some of the tenets put forth in this paper.
In developing our grid and the role played by mobile collaboration technologies in each of the collaboration environments, we have drawn upon our own experiences and past literature on groups, collaboration technologies, and mobile work. We would like to note a few limitations of the study.
Firstly, in this manuscript, drawing on the fit perspective and communication repertoire perspective,
we have only proposed a repertoire of collaboration technologies for different collaboration environments, and not empirically validated the propositions. It is important to test the different assertions and fit propositions, before the grid can be universally used in organizations. Further, there is evidence to show that MCTs are necessary in today's business world (e.g., Bradbury, 2004; McCue, 2005 ), yet at the same time, it can also be cumbersome and expensive (Johnson, 2008; McCue, 2006) . Thus, it is not only important to understand when an organization should adopt
MCTs, but identification of the key antecedents that lead to the adoption of MCTs, and the subsequent satisfaction with their use should also be examined in the future.
Recently, we have observed a melding of CMC and MCT systems due to the developments of the mobile Internet and use of advanced mobile services and applications. In fact, an increasing number of online and web-based services can be reached using mobile devices, either with an Internet browser or a dedicated mobile application. In this study, we do not address this specific issue but we recognize that these recent developments are important to be taken into account for future research.
Further, in proposing our grid, we have focused collaboration contexts involving fuzzy tasks.
While it is widely acknowledged that within organizational settings, the most common form of tasks that groups work on are fuzzy in nature, we believe that future research will need to revisit the grid, and make modifications to it based on other types of group tasks such as simple, problem, decision, or judgment-related (Campbell, 1988) .
We would like to conclude by stating that we hope that the ideas expressed in this manuscript will provide researchers and practitioners with a better understanding about the role MCTs play within a collaborative environment, and will encourage other researchers to engage in future studies examining this important issue. Collaboration technologies that place less restriction to the location of a group member and enables group members to be "in touch with .. collaborators.. 24/7" (Churchill & Wakeford, 2002 p. 154) . Such a collaboration enables constant connectivity between collaborators and with the collaboration content; enables anytime "access to distributed colleagues," and also the ability of collaborators to "move through, or reconfigure a shared spatial environment" on demand.
Ad-hoc and ubiquitous communication support; adhoc and ubiquitous process structuring support; some ad-hoc and ubiquitous information processing support 
